Objective: Kidney disease (KD) is increasing its burden in Thailand but prospective observational KD studies are few. So we analysed 8-year nationwide Thai Cohort Study (TCS) data on KD incidence, distribution and risk association among Thais.
around the globe (Roth et al., 2015) particularly in those with KD (Drey, Roderick, Mullee, & Rogerson, 2003) . In the 2010 US Global Burden of Disease Study, KD was ranked as the 9th and17th cause of death and disability-adjusted life years, respectively (Murray & Lopez, 2013) .
In Thailand, KD prevalence is increasing rapidly (9% in 2003 and 17.5% in 2008) (Chittinandana, Chailimpamontree, & Chaloeiphap, 2006; Ingsathit et al., 2010) . This may be a result of increased risks for KD in the Thai population due to ageing (Sasat & Bowers, 2013) , increasing obesity , diabetes (Papier et al., 2016) and hypertension (Thawornchaisit et al., 2013b ). Thailand's rapid socio-economic development in the last 4 decades leads to urbanization (Lim, Kjellstrom, et al., 2009) , and sedentary work. People consume more calories and more fat, sugar and salt (Aekplakorn et al., 2011; Lim et al., 2014; Pitayatienanan et al., 2014) . Urbanization altered lifestyle with more alcohol consumption and a higher incidence of non-communicable diseases such as hypertension, high cholesterol and obesity (Wakabayashi et al., 2015) .
Our 8-year prospective cohort analysis aims to identify the risk factors of KD operating in Thailand such as age, demography, socio-economy, physical activity, cigarette smoking, alcohol drinking, soft drink intake, food and vegetable consumption, concurrent diseases particularly hypertension, diabetes and high blood lipids. Finding the current risk factors of KD will help to develop the national policy for prevention of further burden from ESRD in the Thai population such as screening for early detection and appropriate interventions for controlling risk factors.
Methods

Data and Study Population
The Thai Cohort Study (TCS) is an on-going prospective study of the health-risk transition among distance learning Open University students. It investigates effects on population health of rapid socioeconomic development and modernization underway in Thailand (Sleigh, Seubsman, & Bain, 2008) . A 20-page baseline questionnaire was mailed to all 200 000 students enrolled at Sukothai Thammathirat Open University in 2005. Overall 44% (87151) responded and follow up mail-out questionnaires were completed in 2009 and 2013. Across those 8 years 42785 persons responded to all three surveys and constitute the cohort analysed here. These cohort members live in their communities nationwide and represent well the STOU student body and the general Thai adult population, with similar median age, median income, country-wide residence distribution and ethnic diversity (Seubsman, Yiengprugsawan, Sleigh, & the Thai Cohort Study, 2012) . However, they were also younger and better educated than most Thai adults and were expected to experience the health-risk transition ahead of their fellow Thais. Details on study methodology and cohort characteristics have been reported (Seubsman et al., 2012; Sleigh et al., 2008) . Investigated risk factors included demographic, socioeconomic, cultural and lifestyle characteristics, health-risk behaviours, diet, body mass index and self-reported health outcomes including kidney disease, diabetes, high blood lipid, hypertension, various cancers, goiter, epilepsy, asthma, arthritis, chronic bronchitis, and depression/anxiety. As well there were questions on hearing, vision or dental impairment, occupation, home environment, health services, social networks, personal well-being and family background.
Variables and Categories
Analyses were carried out with kidney disease (KD) as the dependent outcome variable. Independent explanatory variables examined included demographic factors (age, marital status, urbanization) and SES (income, household assets, and education), body mass index (BMI), underlying disease (diabetes, high blood lipid and hypertension), and lifestyle factors (physical exercise, food preferences and intake, cigarette smoking and alcohol consumption) were independent variables. sessions) were also included and recorded using 4-item ordinal categories ranging from never to ≥5 times per week.
We measured planned total physical activity based on cohort members reporting the number of sessions per week of strenuous and moderate exercise for at least 20 minutes, and of walking for at least 10 minutes. We weighted the measures as follows: (2 × strenuous + 1 × moderate + 1 × walking) sessions per week. This weighting system is based on the recommendation of the International Physical Activity Questionnaire and the Active Australia Survey as used in other analyses of cohort data (Australian Institute of Health and Welfare, 2003; Banks, Lim, Seubsman, Bain, & Sleigh, 2011) . Finally, for each individual, the 'overall measures' of weekly exercise for 2005 and 2013 were added and then averaged by dividing by 2, creating a longitudinal measure of planned physical activity (LPPA).
Smoking was self-reported and grouped into never, ex-smoker or current smoker. Alcohol consumption had four categories: never, ex-drinker, occasional drinker or current-drinker. Foods that could potentially influence KD (deep fried, instant, roast or smoked, soybean products and soft drinks) were assessed for consumption frequency based on a five-point Likert scale ranging from less than once a month to once or more a day. Western-style fast food exposure was noted on a three-point scale from less than once to more than 3 times per month. Fruit and vegetable consumption were recorded as standard serves eaten per day.
Statistical Analyses
All analyses were performed using SPSS software. The 8-year KD risks were calculated for each explanatory variable. For statistical inference, 95% confidence intervals (CI) are presented as well as two tailed p-values with significance at 5 percent (one asterisk) or one percent (two asterisks).
Relative risks (RRs) in a large study of an uncommon disease (incidence less than 10%) can be accurately estimated as odds ratios (ORs) (Webb & Bain, 2011) . For each risk variable, the RR and 95% CI were estimated using logistic regression to calculate the bivariate OR for KD. Adjusted RRs (ARRs) were estimated by calculating multivariate logistic regression ORs. ARRs were controlled for confounding by age, sex, marital status, socioeconomic status (SES), BMI, underlying diseases and personal behaviours (cigarette smoking and alcohol drinking). A variable was included in a multivariate model if bivariate analysis had indicated a statistically significant association with incidence of KD. Some variables were included because earlier analyses reported elsewhere had shown a significant or substantial association with KD.
Results
Baseline Characteristic of Participants
TCS participants without KD at baseline in 2005 and responding in 2013 were analysed. The remaining cohort participants at risk were 41638 (Table 1 ). The mean age of participants at baseline was 32.5 years old and there were more females than males (55%vs 45%). The highest proportion of participants resided in the Central regions and North-eastern and the lowest proportion lived in the East. Sixty three percent of the participants lived in urban areas. More than half of participants had a higher education attainment than high school and their monthly incomes were lower than 10000 baht. The distribution of household assets of participants was quite similar to Thai population with a slightly higher proportion of participants in the low category. Overall, 1958 participants reported in 2013 being diagnosed with KD by a doctor (Table 2) .
Incidence and Risk Factors of KD
The overall KD cumulative incidence between 2005 and 2013 was 4.0% (1556/38754); the rate in males (5.9%) was significantly higher than that of females (2.5%, Table 2 ). The incidence directly rose with age and an increased BMI. However, the risk of KD decreased with the increased personal income and household assets. Marital status, urbanization and educational attainment had no influence on the risk of KD.
Walking and planned physical activity, averaged across the 8-year follow-up, were protective factors. The higher frequency of walking (≥4 times/week) and LPPA (≥15 sessions/week) were associated with lower incidence of KD. The risk of KD increased in participants who had diabetes mellitus, high blood lipids and hypertension. Current smokers and ex-smokers had a higher risk of developing KD than non-smokers. However alcohol drinking had no influence on the risk of incident KD. The risk of KD had a direct association with the frequency of instant and roast or smoked food consumption and drinking soft drinks while fruit and vegetable intake had no influence on KD. 
Discussion
Our large national cohort study of the Thai health-risk transition produce data on the incidence of kidney disease and its risks in young and middle-aged Thai adults. The 8-year follow up from 2005 to 2013 of participating cohort members who were initially free of KD detected a cumulative incidence of KD over this period of 4%. Risk factors that were strongly associated with higher incidence of KD were male sex, ageing, obesity, concurrent diseases (particularly diabetes, high blood lipids and hypertension). Factors inversely related to the incidence of KD were personal income and household assets. Cigarette smoking, instant food, roast or smoked food and soft drinks consumption had a moderate effect on KD incidence but walking 4 or more times per week inversely affected incident KD. Planned physical activity averaging 15 or more sessions per week over the 8-year period reduced the incidence of KD. Urbanization, marital or partner status and education attainment had no influence on KD. As well alcohol drinking, fruit and vegetable consumption were not related to KD. The incidence of KD in this cohort was much lower than those in other studies (Ingsathit et al., 2010) since the TCS participants were younger than general Thai adults.
In our cohort study, ageing was a strong risk of KD incidence which was consistent with previous cross-sectional studies in China (Du et al., 2017; C. Xue et al., 2013; Zhang et al., 2012) , Korea (Kim et al., 2009; Park, Baek, & Jung, 2016) , Thailand (Thawornchaisit et al., 2015) , Malaysia (Hooi et al., 2013) , Singapore (Ramirez, McClellan, Port, & Hsu, 2002) , India (Anupama & Uma, 2014) , Turkey (Suleymanlar et al., 2011 ) and the US (White et al., 2008) . Age was independently associated with a reduced renal function (W. Chen et al., 2009; Zhang et al., 2008; Zhang et al., 2007) and albuminuria (W. Chen et al., 2009) . One study showed that an increase in 1 year in age carries 4% chance of getting KD (Anupama & Uma, 2014) . In conclusion, age is an independent risk factor for KD. Sex is also an important factor. This Thai cohort found that males had a significantly higher risk of KD compared to females. Similar results were reported from China (Zhang et al., 2012) , India (Anupama & Uma, 2014 ) and the US (Coresh, Astor, Greene, Eknoyan, & Levey, 2003; Coresh et al., 2005) . A study in Japan showed males had a higher risk for low estimated glomerular filtration rate (eGFR) (Takamatsu et al., 2009) . A study in China found females also had a high risk of reduced eGFR (L. Xue et al., 2014) . Many cross-sectional studies in China (J. Chen et al., 2005; Du et al., 2017; L. Xue et al., 2014) , Thailand (Ingsathit et al., 2010) , Turkey (Suleymanlar et al., 2011) , Australia (White et al., 2008 ) and the US (Brown et al., 2003) found being female was an independent risk factor for KD.
Socio-economic status (SES), particularly personal monthly income and household assets, had an inverse effect on risk of KD. Similar results emerged from cross-sectional studies in China (Du et al., 2017) , Taiwan (Wen et al., 2008) , Thailand (Perkovic et al., 2008 ) and the US (Martins et al., 2006; Vart, Gansevoort, Coresh, Reijneveld, & Bultmann, 2013; White et al., 2008) . One of these studies in the US revealed that poverty associated with increase risk of microalbuminuria (Martins et al., 2006) . Low SES people tend to have increased risk of obesity and hypertension (Vart et al., 2013) as well as more infection, more interstitial and glomerulonephritis, poor diet and environment and low opportunity to access health care due to lack of health insurance (White et al., 2008) . The progress of the health risk transition in Thailand is revealing that KD and SES already associate inversely as in rich countries.
We also found that increasing BMI was directly associated with increasing incident KD. Similar results were revealed in previous cross-sectional studies in Korea (Kim et al., 2009; Park et al., 2016) , China (Du et al., 2017) , Singapore (Ramirez et al., 2002) and Australia (White et al., 2008) and in follow up studies of 10 to 12 years in the US (Grubbs et al., 2014; Stengel, Tarver-Carr, Powe, Eberhardt, & Brancati, 2003) and 25 years in Israeli (Vivante et al., 2012) . The US study of Grubbs et al (2014) found that increasing BMI was significantly associated with lower kidney function. In Singapore a higher BMI associated with rising proteinuria (Ramirez et al., 2002) . In a prospective cohort of Israeli soldiers obesity was significantly associated with an increased risk of incident ESRD (Vivante et al., 2012) . A British cohort study revealed that obesity when young (less than 40 years) was significantly associated with a higher risk of KD incidence (Silverwood et al., 2013) . Multiple studies have shown obesity is a risk for KD which then becomes part of the enormous national cost of excess weight (W. Chen et al., 2009; Du et al., 2017; Pitayatienanan et al., 2014; L. Xue et al., 2014) .
Our cohort found that higher frequency of walking and LPPA was associated with a reduction of KD incidence. Our previous cross-sectional study of baseline TCS data also revealed a similar result of LPPA (Thawornchaisit et al., 2015) . It is consistent with previous study revealing that physical inactivity related to an increase risk of KD incidence (Stengel et al., 2003) . In addition, a study in KD patients reported that regular water-based exercise (30 minutes, twice a week) associated with decrease of proteinuria and increase of glomerular filtration rate (Pechter et al., 2003) .
We found that diabetes mellitus was a strong risk factor for KD as noted in cross-sectional studies in China (C. Xue et al., 2013; Zhang et al., 2012) , Korea (Kim et al., 2009; Park et al., 2016) , Malaysia (Hooi et al., 2013) , Singapore (Ramirez et al., 2002) , Thailand (Ingsathit et al., 2010; Thawornchaisit et al., 2015) , India (Anupama & Uma, 2014) , the US, Australia and Thailand (White et al., 2008) . In China, a population based cross-sectional study indicated that diabetes was the strongest risk factor for KD (W. Chen et al., 2009; L. Xue et al., 2014) . A study in Singapore revealed that diabetes associated with increase of proteinuria (Ramirez et al., 2002) . The most common cause of KD was glomerulonephritis and the second was diabetic nephropathy (Xie & Chen, 2008) . The study revealed that blood sugar (HbA1c) in diabetes patients was associated with an increase of albuminuria, predictor of microvascular lesions for kidney disease including ESRD (Parving et al., 2006) . In addition, population-based studies in China confirmed that diabetes associated with an increase of albuminuria (W. Chen et al., 2009; L. Xue et al., 2014) while one study reported that diabetes associated with reduction of eGFR (L. Xue et al., 2014) .
We found that high blood lipids strongly associated with increased KD incidence. Cross-sectional evidence from Thailand (Thawornchaisit et al., 2015) and China (W. Chen et al., 2009; W. Chen et al., 2011; C. Xue et al., 2013; L. Xue et al., 2014; Zhang et al., 2007) and prospective evidence from the US (Muntner, Coresh, Smith, Eckfeldt, & Klag, 2000) revealed similar results. High blood cholesterol and triglyceride associated with a reduced renal fuction (Zhang et al., 2007) . High triglyceride (W. Chen et al., 2009 ) and lipid (L. Xue et al., 2014 ) associated with increase of albuminuria. One of these studies revealed that high lipid and cholesterol associated with reduction of eGFR and high risk of KD (L. Xue et al., 2014) . High triglycerides and lower high-density lipoprotein (HDL) cholesterol related to increased KD incidence (Muntner et al., 2000) . Hyperlipidaemia may have a major role in increased risk of glomerulosclerosis and tubule-interstitial fibrosis (Schaeffner et al., 2003) .
In the Thai Cohort Study, hypertension was strongly associated with a higher incident KD and similar findings were reported from cross-sectional studies in China (Du et al., 2017; C. Xue et al., 2013; L. Xue et al., 2014; Zhang et al., 2012) , Korea (Kim et al., 2009; Park et al., 2016) , Malaysia (Hooi et al., 2013) , Singapore (Ramirez et al., 2002) , Thailand (Ingsathit et al., 2010; Thawornchaisit et al., 2015) , India (Anupama & Uma, 2014) , the US, Australia and Thailand (White et al., 2008) . High blood pressure associated with reduced renal fuction (W. Chen et al., 2009; Zhang et al., 2008; Zhang et al., 2007) . A study in Singapore revealed that hypertension associated with gjhs.ccsenet.org Global Journal of Health Science Vol. 10, No. 3; 2018 increase of proteinuria and the risk for proteinuria according to systolic and diastolic blood pressure were significantly increased beginning at levels of 110 and 90 mmHg, respectively (Ramirez et al., 2002) . Hypertensive nephrosclerosis was the third most common causes of KD (Xie & Chen, 2008) . High blood pressure (L. Xue et al., 2014) and hypertension (W. Chen et al., 2009; W. Chen et al., 2011) were independent risk of increased albuminuria. As well hypertension associated with a reduction of eGFR (W. Chen et al., 2011) . In addition, blood pressure in diabetes patients was associated with an increase of albuminuria which was an independent predictor of microvascular lesions for kidney disease including ESRD (Parving et al., 2006) . Elevated systolic blood pressure in KD patients was a significantly risk factor associated with KD progression to ESRD (Inaguma et al., 2017 ). The population-based studies in China found that hypertension independently associated with KD occurrence (W. Chen et al., 2009; W. Chen et al., 2011) .
In our cohort, cigarette smoking is moderately associated with an increased risk of KD incidence. Cross-sectional studies in China (W. Chen et al., 2009; C. Xue et al., 2013; L. Xue et al., 2014) , Thailand (Thawornchaisit et al., 2015) , The Netherlands (Pinto-Sietsma et al., 2000) and a longitudinal study in the US (Stengel et al., 2003) showed a similar result. The population-based studies in China found that cigarette smoking independently associated with increase albuminuria (L. Xue et al., 2014) and reduced renal function with the occurrence of KD (W. Chen et al., 2009 ). The study showed that smoking more than 20 cigarettes a day significantly related to two times risk of incidence of KD compared to non-smoker (Stengel et al., 2003) . In addition, the Netherlands study revealed that smoking was associated with increase of albuminuria and reduction of GFR in a dose-response manner (Pinto-Sietsma et al., 2000) . In sum, cigarette smoking was directly related with increased risk of KD incidence.
In our study, higher frequency of instant foods, high sodium intake and carbohydrate consumption were associated with a higher risk of incident KD. High salt consumption associated with increased risk of KD is reported in many studies such as in the US (Lin, Hu, & Curhan, 2010) , and Iran (Khaledifar, Gharipour, Bahonar, Sarrafzadegan, & Khosravi, 2013) . In women study, high sodium consumption associated with reduction of eGFR (Lin et al., 2010) . High sodium intake may related with high blood pressure which also plays a major role in reduction of eGFR (Lin et al., 2010) . A positive correlation between 24 hour urinary sodium secretion and the level of albuminuria was reported in an Iranian study (Khaledifar et al., 2013) . Our study provides additional evidence that higher instant food consumption is associated with an increased KD incidence.
In our cohort, consumption of roast or smoked food, contained high protein associated with an increased incidence of KD which was consistent with several other studies (Jacobsen, Christensen, Mogensen, Andreasen, & Heilskov, 1979; Jha et al., 2013) (Friedman, 2004) . However, the Mediterranean diet associated with reducing the risk of development of KD (Chrysohoou et al., 2010) . High protein consumption associated with glomerular hyperfiltration, increase of proteinuria and accelerated risk of KD (Friedman, 2004) . In addition, a study of women with mild kidney insufficiency showed high protein intake related with reduction of kidney function (Knight, Stampfer, Hankinson, Spiegelman, & Curhan, 2003) . Furthermore, high consumption of red meat may increase risk for albuminuria (Lin et al., 2010) . As well, in non-dialysis KD patients, low protein diet consumption was able to improve serum creatinine and increased eGFR (Rizzetto, Leal, Bastos, Fouque, & Mafra, 2017) . Many reports and our findings support that high protein consumption associated with increased risk of KD incidence.
We found that higher frequency of soft drink drinking directly increased risk of KD incidence. Our finding is consistent with previous reports such as cross-sectional studies in the US (Bomback et al., 2010; Saldana, Basso, Darden, & Sandler, 2007; Shoham et al., 2008) . The studies reported a significant association between two or more sugar-sweetened soft drinks per day intake and the increase of albuminuria (Shoham et al., 2008) and decline of eGFR (Lin & Curhan, 2011) . Furthermore, 2 or more cola carbonated beverages drinking per day was associated with increased risk of kidney disease (Saldana et al., 2007) . As well, sugar-sweetened soda consumption one or more per day was associated with prevalent hyperuricemia and renal injury (Bomback et al., 2010 ). High serum uric acid level is an independent risk factor for incident kidney disease (Tsai, Lin, Kuo, & Huang, 2017; Weiner et al., 2008) . We found that frequent sugar-sweetened beverage intake related to increase risk of KD incidence.
Our cohort study is based on a very large and long-time prospective study of Thais. The results are adjusted for confounding factors so independent risk factors for KD for Thais can be identified. Although the participants are younger and well-educated than Thai people, they represent the population well in socio-demography, socio-economy and geography (Seubsman et al., 2012; Sleigh et al., 2008) . Therefore, results from our studies will represent the future trends for renal health in the Thai population.
Self-report is a limitation of our cohort study since it may relate to recall error. We do know that these open university student populations accurately self-reported weight and height Vol. 10, No. 3; 2018 Furthermore, cohort members accurately reported diabetes, heat exposure at work and hypertension (Papier et al., 2017; Tawatsupa et al., 2013; Thawornchaisit et al., 2013a) . These validation studies show that self-report of health and disease by STOU participants is generally reliable for evaluating the health risk transition and the future trend of chronic diseases in Thailand. Indeed, the cohort study was conducted among Open University students to increase the reliability of self-reported measurement and each time we investigate a specific variable we find the report to be accurate.
